Abstract The analytic hierarchy process (AHP) has been increasingly applied as a technique for multi-criteria decision analysis in healthcare. The AHP can aid decision makers in selecting the most valuable technology for patients, while taking into account multiple, and even conflicting, decision criteria. This tutorial illustrates the procedural steps of the AHP in supporting group decision making about new healthcare technology, including (1) identifying the decision goal, decision criteria, and alternative healthcare technologies to compare, (2) structuring the decision criteria, (3) judging the value of the alternative technologies on each decision criterion, (4) judging the importance of the decision criteria, (5) calculating group judgments, (6) analyzing the inconsistency in judgments, (7) calculating the overall value of the technologies, and (8) conducting sensitivity analyses. The AHP is illustrated via a hypothetical example, adapted from an empirical AHP analysis on the benefits and risks of tissue regeneration to repair small cartilage lesions in the knee.
Introduction
Multi-criteria decision analysis (MCDA) has been increasingly applied in healthcare [1] . One of the commonly applied MCDA techniques in healthcare is the analytic hierarchy process (AHP) [2] . It can support individual decision makers, as well as groups of decision makers [3] . The AHP aims to support shared decision making [4, 5] , decisions on clinical guidelines [6, 7] , decisions on the development of new technology [8, 9] , organizational decisions [10, 11] , and decisions on health policy [12] [13] [14] , such as regulatory decisions, reimbursement decisions, or allocation of public research funding.
The purpose of this tutorial is to illustrate the use of the AHP to support group decision making. This tutorial provides information on the procedural steps of the AHP and provides recommendations on the organization of group panel sessions. A full illustration of the mathematical algorithms for AHP is beyond the scope of this paper and the reader may be referred for a detailed overview elsewhere [15, 16] .
This tutorial is targeted at health outcomes researchers and policy makers interested in using the AHP, yet not experienced to do so. The tutorial illustrates each procedural step to undertake based on a hypothetical decision regarding the selection of a candidate to transfer from translation research to phase II clinical research. The potential candidate is tissue-engineered cartilage injected in the knee to repair small cartilage lesions. The expected benefits and risks of this treatment are compared with the benefits and risks of a currently applied treatment in clinical practice.
Setting the Stage

Administration of Group Judgments
If used in a group decision approach, the AHP can engage various stakeholders, including patients, care providers, researchers, and/or payers to value the multiple outcomes of healthcare technologies [8, 12] . Their judgments on the value of alternative technology can be administered through (online) questionnaires, electronic voting in a faceto-face group setting, or online voting in a dispersed group setting. In cases where judgments are collected by means of questionnaires, iterative Delphi rounds can be organized to reduce disagreements or inconsistent judgments. In a face-to-face group setting, or in a real-time dispersed group setting, the panel members can (online) share the arguments underpinning their judgments.
Group Facilitator
In a group setting, we recommend the group panel to be chaired by a facilitator who is able to understand the discussions about the new technology but who does not need to be an expert in this field. He or she should be competent in encouraging broad-based participation in the discussions, structuring and steering the communication processes, applying the AHP procedures, and have no personal interest in one of the decision alternatives to be selected [17] .
Role of Software
Different software packages are available to provide interactive support to the group deliberations involved. These packages can enable the electronic submission of judgments on the value of healthcare technology, reveal the disagreements in judgments in the group, check the inconsistency in judgments, and present the (preliminary) results visualized in graphs. See the ''Appendix'' for a list of AHP-based software packages.
Informing the Group Members
To provide a common ground for sharing information, we recommend prior to the group session, sending an overview of the available evidence on the attributes of the alternative healthcare technology to compare. To be able to value the outcomes of the treatments, we advise the group members to be informed of the existing evidence on the outcomes of the new and existing treatments. In the case of group members having experience with one or more of the treatments, the experiences should be balanced over the treatments, so that during the group session information on all treatments can be shared. Moreover, it is informative to send in advance of the group session the program of the panel session, and information about the procedural steps of the AHP.
Procedural AHP Steps
The AHP distinguishes three stages in the decision-making process, i.e., (stage 1) structuring the decision problem to solve, (stage 2) evaluating the decision criteria and the decision alternatives, and (stage 3) categorizing, rank ordering, or prioritizing the decision alternatives. Figure 1 shows the three decision-making stages with the accompanying steps of the AHP. The eight procedural steps of the AHP will be explained and illustrated hereafter.
Problem Structuring
The first two AHP steps are to decompose and structure a complex decision problem. By breaking a decision problem into smaller sub-problems, the problem becomes more manageable.
Step 1: Defining the Decision Problem and Determining its Goal
As a first step, the decision problem and corresponding decision goal are defined. In general, the decision problem should be both relevant and complex enough to require a multi-criteria decision analysis. In defining the decision goal, assumptions need to be made explicit, such as from whose perspective the decision will be analyzed and who will, or should be affected by this decision.
Example A treatment with tissue-engineered cartilage has been developed to repair small cartilage lesions in the knee. Animal tests and phase I clinical trials have shown promising results. For instance, an expert panel with six orthopedic surgeons and two patient advocates is to advise regulators on the appropriateness of this tissueengineered cartilage treatment as a candidate for phase II clinical trials. For the new treatment to be an appropriate candidate it should be preferred to the current treatment of cartilage damage; the creation of microfractures to stimulate cartilage growth. Accordingly, the goal of the expert panel's decision is to compare the benefits and risks of the two treatments of cartilage damage in the knee.
Step 2: Identifying and Structuring the Decision Alternatives and Criteria
When using the AHP, the decision problem to solve is represented as a hierarchical decision structure. In this decision structure, the goal of the decision is placed at the highest hierarchical level. The first intermediate level consists of the quantitative and/or qualitative criteria that are meaningful to the decision makers in comparing the alternatives. If required, each of these criteria can be subdivided into a cluster of sub-criteria at the next intermediate level. For instance, a general criterion ''health benefit'' may be sub-divided into several specific benefits to the health of patients; the so-called sub-criteria. The lowest hierarchical level contains the decision alternatives. The decision alternatives are a finite set of alternatives that the decision makers aim to compare. These alternatives may, for instance, include treatment interventions still under development, treatments currently applied in clinical practice, and/or no treatment.
Organizational Setting
The process of identifying and structuring the decision hierarchy can be managed in three distinct approaches:
• Brainstorming session in a group setting [18] The group members list all (sub)criteria and alternatives they deem important. The group facilitator clusters similar sub-criteria and relates each cluster of subcriteria to a covering criterion. The proposed decision hierarchy is discussed and modified in the group until each level is composed of (sub)criteria that are mutually exclusive, clear, comprehensive, and are of importance within the same order of magnitude.
In cases where the most relevant decision criteria are known from the literature, we recommend one of the alternative options:
• Preparation of the decision structure before the group session [12] The criteria and alternatives to include in the analysis are derived from the literature, and/or interviews with experts.
• Combination of the above The decision structure is prepared in advance of the group session. During the group session, the prepared decision hierarchy is discussed. Appropriate relevant criteria and alternatives Fig. 1 The procedural steps of the analytic hierarchy process that were neglected in the literature can be added to the decision structure. Criteria and alternatives that are inappropriate or irrelevant according to the latest insights of the experts can be deleted.
Structuring the Decision Hierarchy
As in any approach for the MCDA, an adequate decision hierarchy identifying, specifying, and structuring the criteria is essential. The following recommendations are important to keep in mind during the problem-structuring stage:
• At each hierarchical level, the criteria and the subcriteria need to be mutually exclusive. Furthermore, the criteria and alternatives need to be clearly defined to avoid misunderstandings.
• The decision structure needs to include as many as possible decision criteria that have a relevant impact on the preferences for the alternatives. In the case where a criterion is of negligible importance in comparison with the other criteria in its cluster, Saaty recommends the adaptation of the decision structure [15] . The criterion of relatively low importance could become a criterion on a lower hierarchical level, so, for instance, a criterion could become a sub-criterion of another covering criterion, or be removed from the decision structure.
• To create a well-managed decision structure, we recommend the number of criteria and the number of sub-criteria within each cluster to be between three and five [19] .
Example The goal of the decision was to analyze if the new treatment with tissue-engineered cartilage was likely to become preferred to the dominant treatment in clinical practice to repair small cartilage lesions. Consequently, the decision alternatives were the new treatment (tissue-engineered cartilage), and the treatment generally accepted in clinical practice (microfracture technique). By means of a literature study, the decision criteria were identified. The decision criteria, used in this example, are the benefits and risks of the treatments: e.g., pain relief, initial improvement of knee function, prevention of wear, adverse events such as infection, bone disruption, swelling, and rehabilitation load as caused by the duration of rehabilitation and the restrictions imposed upon the patients during rehabilitation. A hierarchical decision structure was proposed by the facilitator of the panel. After discussion, criteria related to the efficiency and user friendliness of the surgical procedures were added. The orthopedic surgeons considered these criteria to be important to the clinical acceptance of a new surgical treatment. Subsequently, the group panel approved of the decision hierarchy. The structure is depicted in Fig. 2 .
Evaluation
In the evaluation stage, each group member judges the relative value of the alternatives on the decision criteria, Fig. 2 The hierarchical decision structure and judges the relevance of the criteria and sub-criteria. The individual judgments are aggregated into group judgments, and feedback is provided on the consistency in judgments. These four AHP steps that belong to the evaluation stage are explained and illustrated hereafter.
Step 3 and 4: Judging the Relative Value of Alternatives and Criteria
The Verbal Rating Scale
In pairwise comparisons between criteria, the group members compare two criteria on their importance. Most commonly, these comparisons are judged on a verbal nine-point rating scale. If criteria are judged to be equally important, both criteria are assigned a score of one. If one of the criteria is judged to be more important than the other one, the more important criterion is assigned a score from 2 up to 9. A 2 represents a value between equally to moderately more important, and 9 represents extremely more important (see Table 1 ). Likewise, the importance of each pair of sub-criteria stemming from the same cluster of sub-criteria is compared. Sub-criteria in different clusters are not compared directly. For instance, the importance of pain relief is directly compared with the improvement of the knee function. Both sub-criteria are related to the effectiveness of the treatments. Pain relief is not pairwise compared with one of the adverse events. On a similar nine-point scale, the preferences for the alternatives are compared in pairs with regard to each sub-criterion. In this case, 1 reflects equal preference, and 9 reflects extremely higher preference. In our example, the preferences for the tissue-engineered cartilage treatment and the microfracture technique are compared regarding, for example, these treatments' impact on pain relief.
The Original and Alternative Numerical Scales
The nine-point AHP scale has the properties of a ratio scale. In the original AHP scale, the verbal judgments are converted into the associated numerical ratings in Table 1 . Accordingly, an extremely higher importance is, for instance, assumed to have a nine-times higher importance.
The validity of these numerical ratings has been extensively discussed in the literature. These ratings may not accurately reflect the value judgments on the pairwise comparisons [20] . In a response to this discussion, alternative numerical AHP scales have been developed. For example, Saaty suggested a nine-point scale that has a range between 1.1 and 1.9 to compare alternatives that differ only slightly [21] . Other investigators have proposed alternative linear, geometric, or logarithmic scales [22] [23] [24] [25] . A possible solution is to use a continuous graphic mode of judging the pairwise comparisons, which is offered in some software packages. This continuous scale offers the possibility of small incremental steps in changing relative priorities.
Framing the Pairwise Comparisons
The importance of each pair of criteria is compared with respect to the goal of the decision problem; in this case, the question is which criterion is more important in comparing the value of the alternative technology. The importance of the subcriteria is compared with respect to the criterion at the higher hierarchical level in the decision hierarchy. In this case, the question is which sub-criterion is more important in fulfilling the covering criterion (see example). To increase comparability, all (sub)criteria are framed as positive measures of value. Adverse events, for example, can be framed as the minimal adverse events.
Example Which sub-criterion do you consider to be more important in valuing the effectiveness of the cartilage treatments, and to what extent it is more important?
In this example, the sub-criterion: the prevention of wear was rated to be moderately more important than the sub-criterion: improvement of the knee function. At the long term, the prevention of wear was considered to be more important to the effectiveness of the cartilage treatment than the initial improvement of the knee function.
Amount of Pairwise Comparisons
To compare n criteria, a cluster of n sub-criteria, or to compare n alternatives with respect to a criterion, one needs to make n(n-1)/2 pairwise comparisons [15] . For example, in comparing three criteria, three pairwise comparisons need to be made: criterion 1 is compared with criterion 2, criterion 2 is compared with criterion 3, and criterion 1 is compared with criterion 3. Reciprocity in judgments is assumed. This means, for example, that after having Example To weight all (sub-)criteria in our example, ten pairwise comparisons were judged: three pairwise comparisons to weight the three criteria, three pairwise comparisons to weight the three sub-criteria of effectiveness, one pairwise comparison to weight the two sub-criteria of adverse events, and three pairwise comparisons to weight the three sub-criteria related to the surgical procedure. In addition, eight pairwise comparisons were made to prioritize the two treatment alternatives on all eight sub-criteria. The total of pairwise comparisons in the full AHP analysis was 18 (Fig. 3) .
Relative or Direct Rating of Alternatives
The pairwise comparison approach is used to judge the relative value of a limited amount of alternatives. In the case where large numbers of alternatives are to be prioritized, it is possible to directly value the alternatives on qualitative or quantitative intensity scales [14, 26] . An intensity scale can, for example, have the intensity levels: excellent, above average, average, below average, and poor. The highest intensity level receives the priority 1 and the other levels are proportionally smaller [26] . These priorities can be established by means of pairwise comparisons. The alternatives are rated by selecting the appropriate intensity levels. The advantage of this direct rating technique is that once the intensity levels have been prioritized, each alternative can directly be rated with the priority of the corresponding intensity level. In the case of large amounts of alternatives, this approach will avoid a laborious set of pairwise comparisons among the alternatives themselves. Relative rating with the pairwise comparisons approach and direct rating on intensity scales are particularly suitable where insufficient quantitative evidence is available on the value of the alternatives. When sufficient quantitative evidence exists, it is also possible to directly convert absolute data on the value of the alternatives into priorities [26] . For an example, see Hummel et al. [12] .
3.2.1.6 Bottom-Up or Top-Down Valuation Because the weights of the criteria may be dependent on how well the set of alternatives fulfill these criteria [27] , we recommend a bottom-up approach of conducting the pairwise comparisons. This means that the relative priorities of the alternatives on the criteria have to be evaluated first, after which the weights for the criteria can be judged. Conversely, in a top-down approach, first the weights for the criteria are evaluated, and subsequently the priorities of the alternatives. For an example, see the work by Steele et al. [27] for an explanation and discussion of dependency between criterion weights and priority values of the alternatives.
Example The panel session was conducted in a face-toface setting. The chairman informed the panel members about the background of the decision problem, and illustrated the procedures of the AHP. The first clinical evidence on the treatments was presented. Using hand-held scoring keypads, the panel members compared their preferences for the two treatments and subsequently the importance of the criteria and sub-criteria using the original nine-point scale. Individual judgments on the pairwise comparisons were projected on a screen, allowing the members of the panel to discuss the rationales behind their individual scores (see Fig. 4 ). During the discussions, the panel members could alter their judgments.
Step 5: Group Aggregation
Group judgments can be set by means of a consensus vote on the pairwise comparisons. If a group consensus is unwanted, individual judgments can be aggregated [28] . Aggregation of individual judgments can take place during the evaluation stage, or during the later choice stage of the decision-making process. During the evaluation stage, differences in judgments on the pairwise comparisons can be reduced by discussing previously unshared information about the properties of the criteria or alternatives that were inconsistently compared.
The group average of the final scores on each pairwise comparison is calculated to reflect the opinion of the group as a whole. As the pairwise comparisons are rated on a ratio scale, the geometric mean is used to calculate the average score on each pairwise comparison. In the choice stage, weights and priorities are calculated using these group averages. Alternatively, in a setting that could be better described as negotiated decision making, the group members individually make the pairwise comparisons. Only in the last stage of the decision analysis; the choice stage, the individual outcomes are aggregated. When averaging the weights and priorities of the individual group members, the arithmetic mean is used. In this setting, the group members only need to agree upon the final choice for one of the alternatives, irrespective of the differences in rationale behind this choice.
Example As depicted in Fig. 4 , four group members considered the sub-criterion ''prevention of wear'' to be moderately more important (score 3) than the sub-criterion ''improved knee function''. Two other group members stated the prevention of wear to be only slightly more important (score 2), and the last two group members were convinced that it is strongly more important (score 5) than the improvement of the knee function. After the group deliberations, the group score is to reflect the opinion of the group as a whole. Accordingly, the group score is calculated with the geometric mean of the scores on the pairwise comparisons, which is in this example: (2 9 2 9 3 9 3 9 3 9 3 9 5 9 5)
(1/8) = 3.08. If the aim had been to aggregate the judgments of individual decision makers, weights and priorities would, in the later-choice stage, be calculated for each of the decision makers. These weights and priorities would, subsequently, be averaged to attain the group results.
Step 6: Inconsistency Analysis
After each set of pairwise comparisons (comparison of criteria; pairwise comparisons of sub-criteria within each cluster; or comparison between alternatives regarding each sub-criterion), a consistency ratio (CR) is calculated [15, 16] . The CR shows if each pairwise comparison is logically sound with regard to the remainder of the comparisons. It indicates the degree to which the pairwise judgments resemble a purely random set of pairwise comparisons. Judgments that have a CR lower than 0.1 are reasonable, lower than 0.2 is tolerable, and higher than 0.2 should be revised or discarded [15] . In the case of higher inconsistency, the decision makers are advised to check for accidental mistakes and to reconsider their pairwise comparisons, until the consistency measure is below the threshold indicated (Fig. 5 ) [15] . Example The first two comparisons indicated that ''surgical ease'' is strongly more important than ''efficient logistics'', and moderately more important than the ''short duration of surgery''. This suggests that the ''short duration of surgery'' is more important than the ''efficient logistics''. Conversely, in the third pairwise comparison, ''efficient logistics'' was rated to be moderately more important than ''short duration of surgery''. The resulting consistency ratio is 0.28, suggesting the need to revise.
Revision of the last score into a slightly higher importance of ''short duration of surgery'' resulted in the acceptable consistency ratio of 0.00.
Prioritizing Alternatives
In the last stage of the decision-making process, overall priorities are calculated for the alternative technologies. Alternatives with a higher priority are assumed to be more valuable, or more preferred. The overall priorities can be used to select the most preferred alternative; to rank order the alternatives from most preferred to least preferred; or to determine the relative value of these alternatives. Subsequently, in a sensitivity analysis, the robustness of the Fig. 5 Inconsistent judgments on the pairwise comparisons preferences for the alternatives can be analyzed. The results can be used to underpin a decision about one of the healthcare technologies. This final decision does not need to be made by the group panel. It can be made by another formal decision-making body, being informed by the results of the AHP analysis.
3.3.1
Step 7: Calculation of Weights and Priorities 3.3.1.1 Calculation of Weights for the Criteria When inconsistency is reduced to an acceptable degree, Saaty recommends the calculation of weighting factors and performance priorities by using the principal right eigenvector approach [15, 16] . This eigenvector method can be interpreted as a simple averaging process by which the final weights are the average of all possible ways of comparing the scores on the pairwise comparisons. A higher weight assigned to one of the criteria reflects a higher importance of this criterion (see Table 2 , discussed later in the example). Alternative approaches exist to calculate weights and priorities, among others, the frequently cited geometric means approach [29] .
Local Weights and Global Weights of Sub-Criteria
When pairwise comparing sub-criteria, local weights are calculated for the sub-criteria. The local weights of the sub-criteria in any cluster add up to 1. Global weights of the sub-criteria are calculated by multiplying the local weights of the sub-criteria with the weight of the covering criterion. Consequently, the global weights of the sub-criteria within the same cluster sum to the weight of the covering criterion.
Example As calculated from the revised pairwise comparisons in the previous example, the local weights of subcriteria duration, logistics, and surgical ease were respectively, 0.23, 0.12, and 0.65. The local weights of these subcriteria sum up to 1. To calculate the global weights of these three sub-criteria, their local weights are multiplied with the weight of the covering criterion ''efficiency and ease of surgical procedure'' (0.14), resulting in the global weights of duration, logistics, and surgical ease of respectively 0.03, 0.02, and 0.09. These latter weights can be found in Table 2 .
Calculating the Priorities for the Alternatives
In a similar manner, the priorities of the alternatives are calculated regarding each of the criteria. A higher priority reflects a stronger preference for the corresponding alternative. After knowing the priorities of the alternatives on all sub-criteria, the AHP software uses an additive value function to calculate the overall priorities for the alternatives. The overall priority is the weighted average of all priorities: the sum of the priority of this alternative on each criterion multiplied by the weight of the corresponding criterion [15, 16] . Notes: The weights of the (sub-)criteria are within brackets under the corresponding (sub-)criteria; in the cells are the priorities of the treatment alternatives. In the last row, the overall priorities of the treatments are given alternatives, it is possible to choose from two different modes of synthesis [30] . The distributive mode should be used if the performance of an alternative is dependent on the performance of all other alternatives. The distributive mode can be appropriate if, for example, the decision problem includes only two decision alternatives that are relevant to take into consideration. This mode normalizes the priorities of the alternatives so that the priorities of all alternatives together sum up to 1. The ideal synthesis mode should be used if the decision maker is concerned with how well each alternative performs only relative to one benchmark alternative. In the ideal mode, the priorities are normalized by dividing the priority of the alternative under consideration by the score of the benchmark alternative. In this manner, the priority of an alternative under consideration is only dependent on the priority of the benchmark alternative and not on the priorities of the other alternatives. In a clinical setting, the fixed benchmark could be the gold standard of treatment. If comparing (new) technologies with the gold standard in a clinical setting, we recommend applying the ideal synthesis mode with the gold standard as the fixed benchmark. In the case where no benchmark alternative is available, the most preferable alternative under each criterion or sub-criterion is in the ideal mode of synthesis assigned the full priority of the (sub)criterion. The other alternatives receive a priority proportional to their preferences relative to the most preferred alternative [31] . A point of criticism on the AHP focuses on the possibility that the rank order of the prioritized decision alternatives can change [20] . When using the distributive mode of synthesis, the rank order can change when adding new decision alternatives to the analysis. Particularly when similar alternatives are added to the decision analysis, the rank order of the original alternatives might change. This counterintuitive rank reversal is caused by the use of relative priorities in combination with the additive value function of the original AHP. Namely, the overall priority of an alternative depends on how all other alternatives perform. One solution is to apply the ideal mode of synthesis of the weights and priorities using a fixed benchmark alternative. Accordingly, the rank order of the alternatives is preserved when adding or deleting other alternatives besides the benchmark alternative [16] . In the case where the distributive mode is used, synthesis in the ideal mode can be applied in the sensitivity analysis to explore the possibility of a rank reversal of alternatives. A more fundamental solution to avoid rank reversals has been proposed by Lootsma. He suggested the use of a multiplicative value function instead of the additive value function in the multiplicative AHP [32, 33] .
Discussion and Approval of the Results
After showing the weights for the (sub-)criteria, the priorities of the alternatives regarding each criterion, and the overall priorities of the alternatives, the validity of these outcomes is discussed. If desired after these discussions, the judgments on the pairwise comparisons can be adapted.
Step 8: Conducting Sensitivity and Heterogeneity Analyses
The alternative with the highest overall priority is considered to be the preferred option in the decision tree, logically followed by rank 2 and further. By gradually changing the weight of each criterion and the priorities of each technology, one can check if the initial rank order of technologies is likely to reverse. In this simple deterministic sensitivity analysis, the robustness of the decision outcomes is studied. A procedure for sensitivity analysis on the weights of criteria has been suggested by Mareschal [34] . A procedure for sensitivity analysis that also includes altering the priorities of the alternatives has been suggested by Triantaphyllou and Sanchez [35] . In addition, it can be relevant to study the heterogeneity in priorities among subgroups in the panel. In our example, it could be relevant to examine the priorities of the clinicians vs. the priorities of the patient advocates. See Dolan et al. [4] for an example of the analysis of patient heterogeneity.
Example Judgments were revised after group discussions and warnings of excessive inconsistencies in pairwise comparisons. Based on the final group judgments, priorities of the two treatments were calculated with the principal right eigenvector approach. The following table shows the global weights of the sub-criteria and the priorities of the treatments. By presenting the global weights, a comparison is allowed between the importance of the sub-criteria over all clusters of sub-criteria.
The performance of the new treatment with tissueengineered cartilage was valued relative to the performance of the microfracture technique. Only in the case where the tissue-engineered cartilage treatment was expected to perform better than the microfracture technique performs, did the tissue-engineered cartilage treatment receive a priority higher than 0.50. This means that the priority of the tissueengineered cartilage treatment was made dependent on the priority of all other alternatives; in this case, solely the microfracture technique. Accordingly, it was appropriate to use the distributive mode of prioritizing the alternatives. If there had been more alternatives available, and the priority of the tissue-engineered cartilage treatment was only to be dependent on the priority of the microfracture technique and not on the priorities of the other alternatives, the distributive mode would not have been appropriate. Then, the ideal mode of synthesis should have been used, with the microfracture technique as a benchmark alternative.
The weights show that the group panel considered the prevention of wear (weight 0.30) and the relief of pain (weight 0.27) to be the most important decision criteria. Particularly because of the high priority of the tissueengineered cartilage treatment on these criteria, this alternative has the highest overall priority as well. The advantages related to its effectiveness and its minimal adverse events weigh up against the disadvantages related to its inefficient surgical procedure. The tissue-engineered cartilage's overall priority is (0. 27 In a sensitivity analysis, the impact of safety on the overall preferences was examined. The group varied strongly in opinion on the potential safety of the tissueengineered cartilage relative to the microfracture technique. When lowering the priority of tissue-engineered cartilage on safety to the lowest possible priority (priority = 0.10), the overall priority of tissue-engineered cartilage would reduce from 0.67 to 0.61. Accordingly, a different value assigned to the safety of tissue-engineered cartilage was impossible to evoke a rank reversal of alternatives.
On the basis of these outcomes, the expert panel concluded that the tissue-engineered cartilage treatment was an appropriate candidate for clinical trials in the treatment of small cardiac lesions in the knee. Nevertheless, considering the inefficiency and complexity of the surgical procedure of the tissue-engineered cartilage treatment, the panel recommended a careful selection of the appropriate hospitals to involve in the clinical trials. Sufficient skills and resources should be available to the surgeon and the surgical team.
Discussion
The AHP can support the decision-making process to arrive at a decision that the panel members trust and are able to rationalize. High inconsistencies in judgments can indicate the need to further clarify the definitions of the criteria, and to discuss counterintuitive, or uncertain priorities of the technologies. Disagreements in judgments can show the need to share more information. The judgments can be adapted until the group members are satisfied with the decision outcomes. The impact of remaining differences in judgments on the decision outcomes can be analyzed in the sensitivity analysis.
However, as in all group settings, group dynamics may also negatively impact the decision outcomes. Peer pressure may evoke group members to revise their judgments, or group members may deliberately attempt to steer the results by submitting too extreme judgments. See for instance, Hummel et al. on the impact of the AHP on group dynamics in sociodynamic processes in group decision making [36] .
This tutorial illustrates the basic procedures of the AHP. More advanced analyses are possible as supported by the approaches of fuzzy AHP [37] and the analytic network process [38] . Instead of judging the pairwise comparisons in one deterministic number, fuzzy AHP uses a fuzzy scale covering multiple numbers. The analytic network process explicitly takes into account interdependencies among criteria. New advancements are biannually discussed by academics and practitioners at the International Symposium on the AHP (see http://www.ISAHP.org). Besides the AHP, other methods for MCDA can be suitable to support the comparison of healthcare technology [39] [40] [41] . Alternatives to the AHP that emphasize the deliberative support to the decision-making process as well are, for example, the Simple Multi-Attribute Rating Technique (SMART) [42, 43] , Swing weighting procedures [44] , or Measuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH) [45] .
Conclusion
The AHP supports the processes of deliberation in making group decisions. When taking into account the lessons learnt from the ongoing scientific discussions on the methodology, it can be appropriately applied to gain an overview of the mean advantages and disadvantages of new healthcare technology in comparison with a benchmark alternative. This result helps to underpin the selection of candidates for further development, clinical trials, or full health economic analyses. Moreover, the AHP can support decisions that cannot be based on considerations of cost effectiveness alone.
